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(57) Abstract: Disclosed a nitride 
semiconductor LED including: 
a substrate; a GaN-based buffer 
layer formed on the substrate; 
AlyGai.yN/GaN short period 
superlattice (SPS) layers formed 
on the GaN-based buffer layer in 
a sandwich structure of upper and 
lower parts having an undoped GaN 
layer or an indium-doped GaN layer 
interposed therebetween (Here, 
0<y<l); a first electrode layer of an 
n-GaN layer formed on the upper 
AlyGai.yN/GaN SPS layer, an active 
layer formed on the first electrode 
layer; and a second electrode layer 
of a p-GaN layer formed on the 
active layer. 



wo 2004/017431 Al lilllllliiilllillllilllllililliiillililliHillllii 



Published: 

— with international search report 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the FCT Gazette, 



wo 2004/017431 




CT/KR2003/001668 



NITRIDE SEMICONDUCTOR LED AND FABRICATION METHOD THEREOF 

Technical Field 

The present invention relates to a nitride 
semiconductor, and more particularly, to a GaN-based 
nitride semiconductor light emitting device (LED) and a 
fabrication method thereof. 

Background Art 

Generally, a GaN-based nitride semiconductor is 
applied to electronic devices that are high-speed 
switching and high power devices such as optic elements 
of blue/green LEDs, MESFET, HEMT, etc. In particular, the 
blue/green LED is under a state in which mass -production 
has been already progressed and a global sale is being 
exponentially increased. 

The above-mentioned conventional GaN-based nitride 
semiconductor light emitting device (LED) is grown-up 
usually on a sapphire substrate or a SiC substrate. 
Further, at a low growth temperature, an AlyGai-yN 
polycrystalline layer is grown-up on the sapphire 
substrate or the SiC substrate as a buffer layer. After 
that, at a high temperature, an undoped GaN layer, an n- 
GaN layer doped with silicon over a IxlO^'^/ori' 
concentration or a combined n-GaN layer thereof is formed 
on the buffer layer as a first electrode layer. 
Additionally, on an Mg-AlGaN cladding layer is formed an 
Mg-GaN layer as a second electrode layer to complete the 
GaN-based nitride semiconductor LED. Also, a light 
emitting layer (mult i -quantum well active layer) is 
sandwiched between the first electrode layer and the 
second electrode layer. 

However, the above -constructed conventional nitride 
semiconductor LED has a crystal defect of a very high 
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value of about 10 V^^""* or so, which is generated from an 
interface between the substrate and the buffer layer. 

Accordingly, the conventional nitride semiconductor 
LED has a drawback in that an electric characteristic, 
5 specifically, leakage current under a reverse bias 
condition is increased, resulting in a fatal influence to 
the reliability of the device. 

Also, the conventional nitride semiconductor LED 
has another drawback in that the crystal defect generated 
10 from the interface between the buffer layer and the 
substrate deteriorates crystal linity of the light 
emitting layer thereby lowering the light emitting 
efficiency. 

15 Disclosure of the Invention 

An object of the present invention is to provide a 
nitride semiconductor LED and a fabrication method 
thereof for reducing a crystal defect generated due to a 
difference in a thermal eaqoansion coefficient and a 

20 lattice constant between a substrate and a GaN-based 
single crystalline layer grown-up on the siibstrate, and 
improving crystallinity of the GaN-based single 
crystalline layer, to thereby iii5)rove the performance of 
the device and assure the reliability. 

25 To achieve these and other advantages and in 

accordance with the purpose of the present invention, as 
embodied and broadly described, there is provided a 
nitride semiconductor LED including: a s\ibstrate; a GaN- 
based buffer layer formed on the substrate; AlyGai.yN/GaN 

30 short period superlattice (SPS) layers formed on the GaN- 
based buffer layer in a sandwich structure of upper and 
lower parts having an \indoped GaN layer or an indium- 
doped GaN layer interposed therebetween (Here, 0:^y:^l) ; 
a first electrode layer of an n-GaN layer formed on the 



2 
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upper AlyGai-yN/GaN SPS layer; an active layer formed on 
the first electrode layer; and a second electrode layer 
of a p-GaN layer formed on the active layer. 

According to another aspect of the present 
invention, there is provided a nitride semiconductor LED, 
including: a substrate; a GaN-based buffer layer formed 
on the substrate; a first electrode layer of an n*-GaN 
layer formed on the GaN-based buffer layer and containing 
a high concentration of dopants; an n-GaN layer formed 
on the first electrode layer and containing a low 
concentration of dopants; an active layer formed on the 
n-GaN layer; and a second electrode layer of a p-GaN 
layer formed on the active layer. 

According to still another aspect of the present 
invention, there is provided a fabrication method of a 
nitride semiconductor LED, the method including the steps 
of: growing-up a GaN-based buffer layer on a substrate; 
forming AlyGai.yN/GaN short period superlattice (SPS) 
layers on the GaN-based buffer layer in a sandwich 
structure of upper and lower parts having an vuadoped GaN 
layer or an indium-doped GaN layer interposed 
therebetween (Here, O^y^l); forming a first electrode 
layer of an n^-GaN layer containing a high concentration 
of dopants, on the upper AlyGai_yN/GaN SPS layer; forming 
an active layer on the first electrode layer; and forming 
a second electrode layer of an p-GaN layer on the active 
layer. 

Brief Description of the Drawings 

FIG. 1 is a sectional view illustrating a schematic 
construction of a nitride semiconductor LED according to 
a first embodiment of the present invention; 

FIG- 2 is a sectional view illustrating a schematic 
construction of a nitride semiconductor LED according to 
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a second einbodiment of the present invention; and 

FIG. 3 is a sectional view illustrating a schematic 
construction of a nitride semiconductor LED according to 
a third embodiment of the present invention . 

Best Mode for Carrying Out the Invention 

Hereinafter, preferred eitibodiments of the present 
invention will be described in detail with reference to 
accompanying drawings. 

FIG. 1 is a sectional view illustrating a schematic 
construction of a nitride semiconductor LED according to 
a first embodiment of the present invention. 

Referring to FIG. 1, the inventive nitride 
semiconductor LED includes a substrate 101; a GaN-based 
buffer layer 102 formed on the substrate 101; a first 
electrode layer of an n-GaN layer 105 formed on the GaN- 
based buffer layer 102; an active layer 120 formed on the 
first electrode layer; and a second electrode layer of a 
p-GaN layer 110 formed on the active layer 120. 

Herein, the GaN-based buffer layer 102 can be 
formed having a triple- structured AlyInx6ai-x#yN/InxGai- 
xN/GaN (Here, O^x^l, O^y^l) laminated, a double- 
structured lUxGai-xN/GaN (Here, O^x^l) laminated, or a 
super-lattice-structured (SLS) In^Gai-xN/GaN (Here, 
O^x^l) laminated. 

In other words, in the inventive nitride 
semiconductor LED, on the substrate 101 (for example, a 
sapphire substrate or a SiC substrate) is grown-up the 
GaN-based nitride semiconductor as the GaN-based buffer 
layer 102, the n-GaN layer 105 is formed as the first 
electrode layer, and an atomic Mg-doped p-GaN layer 110 
is formed as the second electrode layer. Additionally, 
the active layer 120 having an InGaN/GaN multi-quantum 
well structure is foinned in a sandwich combination 
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Structure between the first electrode layer of the n-GaN 
layer 105 and the second electrode layer of the p-GaN 
layer 110. 

Here, the active layer 120 can be formed with an 
InxGai-xN well layer 106, an InxGai-^/GaN barrier layer 
107, an InxGai-xN well layer 108 and an InxGai-^N/GaN 
barrier layer 109. Further, between the GaN-based buffer 
layer 102 and the first electrode layer of the n-GaN 
layer 105 can be also additionally formed an undoped GaN 
layer or an indium-doped GaN layer 103 and 104. 

Additionally, in a process of growing-up the GaN- 
based buffer layer 102 on the sxabstrate 101 at a low 
temperature, a metal organic chemical vapor deposition 
(MOCVD) equipment is used such that it is, in a growth 
pressure of 100-700torr and at a low temperature of 500- 
aoot;, grown-up to have a thickness of below 700 A in a 
laminated structure such as the triple -structured 
AlyInxGai-x,yN/InxGai-xN/GaN, the double- structured InxGai- 
xN/GaN or the super- lattice -structured (SLS) InxGai- 
xN/GaN, etc. 

At this time, for growing-up the GaN-based buffer 
layer 102 at the low tenperatiare , the MOCVD equipment is 
used having a carrier gas of H2, N2 supplied while a 
source gas of TMGa, TMIn, TMAl introduced and 
simultaneously a NHa gas introduced. 

Further, in a high temperature process of growing- 
up the GaN-based single crystalline layer, on the GaN- 
based buffer layer 102 is, at a goo-llOOt) temperature, 
the xindoped GaN layer or the indium- doped GaN layer 103 
and 104, and on the result thereof is again formed an 
atomic silicon-doped n-GaN layer 105 (over a lxlo"/cnf 
concentration) . Herein, the n-GaN layer 105 is used as 
the first electrode layer and has a carrier concentration 
of over IxlO^^/cnf. 
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At this time, for growing-up the GaN-based single 
crystalline layer, the MOCVD equipment is used having the 
source gas of TMGa, TMIn supplied at the 900-llOOt; 
temperature to grow-up the GaN-based single crystalline 
5 layer. Additionally, the TMGa, TMIn source gas is 
introduced for supplying at the I00-700torr pressure and 
a 0.1-700 |Jmol/min flow rate to grow-up the GaN-based 
single crystalline layer. At this time, a SiH* gas is 
used as a dopant gas for doping a silicon atom. 
10 On the other hand, FIG. 2 is a sectional view 

illustrating a schematic construction of a nitride 
semiconductor LED according to a second embodiment of the 
present invention. 

Referring to FIG. 2, in the inventive nitride 
15 semiconductor LED, on the substrate 201 (for exan^le, the 
sapphire substrate or the SiC substrate) is provided the 
GaN-based buffer layer 2 02 having the triple -structured 
AlyInxGai-x,yN/InxGai.xN/GaN (Here, 0<x^l, O^y^l), the 
double-structured InxGai-xN/GaN (Here, O^x^l), or the 
20 super-lattice-structured (SLS) InxQai-xN/GaN (Here, 
O^x^l). Additionally, on the GaN-based buffer layer 202 
is formed the undoped GaN layer or the indium-doped GaN 
layer 203. 

Further, on the undoped GaN layer or the indium- 
25 doped GaN layer 203 are formed AlyGai-yN/GaN SPS layers 
204 and 206 in a sandwich structure of upper and lower 
parts having the undoped GaN layer or the indium-doped 
GaN layer 205 interposed therebetween. 

On the upper AlyGai-yN/GaN SPS layer 206 is formed 
30 the n-GaN layer 207 as the first electrode layer. Here, 
the first electrode layer of the n-GaN layer 207 has the 
carrier concentration of over lxlo"/cnf, and has the 
silicon used as the dopant . 

Additionally, the nitride semiconductor LED 
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includes, as a light emitting layer, an active layer 220 
of InxGai-xN/GaN. Here, the active layer 220 can be formed 
in the multi -quantum well structure having an InxGai-xN 
well layer 208, an InxGai-xN/GaN barrier layer 209, an 
5 InxGai-xN well layer 210 and an In^Gai-xN/GaN barrier layer 
211. 

In the present invention, when the active layer 220 
is formed, the InxGai-xN well layers 208 and 210 and the 
lUxQai-xN/GaN barrier layers 209 and 211 are grown-up to 
10 respectively have a thickness of less than 70 A at a 700- 
800*0 growth temperature and in a N2 atmosphere. After 
that, the growth temperature is increased to a range of 
900-1020 t and a CpaMg doping gas is introduced so that a 
p-GaN layer 212 is grown-up in a 0.01-0.5/^ thickness to 
15 be used as a second electrode layer, and at this time, a 
mixed gas atmosphere of NH3, H2 as atmosphere gas is 
maintained with a high purity degree. 

At this time, as shown in FIG. 2, the inventive 
nitride semiconductor LED includes the AlyGai-yN/GaN SPS 
20 layers 204 and 206. Accordingly, in order to evaluate an 
influence of the sandwich- structured AlyGai-yN/GaN SPS 
layers 204 and 206 upon a crystallinity variation, a 
structure is grown-up not including the InxGai-xN/GaN 
multi-quantum well structure of the active layer 220 and 
25 the second electrode layer of the p-GaN layer 212, and 
then a DC-XRD analysis is performed. 

As a result of the above DC-XKD analysis, in case 
of a conventional nitride semiconductor having an \indoped 
GaN/n-GaN structure as the buffer layer, a FWHM (full- 
30 width half -maximum) value of about 290 arcsec is 
obtained, but in case of having the inventive structure 
of FIG. 2, a FWHM value of about 250 arcsec is obtained. 
Considering the above, in case of having the sandwich- 
structured AlyGai-yN/GaN SPS layers 204 and 206 as in the 
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present invention, it can be appreciated that the 
crystallinity is improved. 

Furthermore, as a result of analyzing an electrical 
characteristic of the nitride semiconductor LED having 
5 the structure of FIG. 2, a forward bias characteristic 
such as an operation voltage (VF) and the brightness, 
etc. is not varied. However, it can be appreciated that, 
when the reverse bias is applied, a conventional reverse 
bias breakdown voltage is increased from ^^-15V" to over 
10 «-i9V" so that the current leakage is improved. 

The above -improved characteristic is caused by an 
effect of effectively reducing a dislocation formed in 
the substrate 201 and the GaN-based buffer layer 202 to 
be intruded into surface. And accordingly, it is caused 
15 by the result that the InxGai-xN/GaN multi -quantum well 
structure of the active layer 220 and the p-GaN layer 212 
are improved in their crystallinities . 

On the other hand, the present invention provides, 
for more improving the characteristic, the nitride 
20 semiconductor LED having the following structure. 

FIG. 3 is a sectional view illustrating a schematic 
construction of the nitride semiconductor LED according 
to a third embodiment of the present invention. 

As shown in FIG. 3^ in the inventive nitride 
25 semiconductor LED, on a first electrode layer of a high 
concentration doped n*-GaN layer 307 is additionally 
grown-up a low concentration silicon of about IxlO^'^/cnf 
doped n-GaN layer 308. Accordingly, in an interface of 
the InxGai-xN well layer 309 grown-up first in the InxGai- 
30 xN/GaN multi-quantum well structured active layer 320 
grown-up at a relatively low growth temperature, a stress 
can be suppressed and crystallinity can be improved. 

Here, in case the n-GaN layer 3 08 is formed with a 
semi -insulating GaN layer, it can also function as a role 
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of a current prevention layer for effectively cutting off 
the current leakage which is, at the time of reverse 
bias, reversely intruded in the light emitting layer 
(multi -quantum well active layer) . 

Additionally describing, in case the nitride 
semiconductor LED is reversely biased, its cirystallinity 
deterioration results in the current leakage. 
Accordingly, for preventing this, it can be formed in a 
structure having a thin semi -insulating GaN layer or a 
low concentration of below lxlO"/arf doped n-GaN layer 
inserted . 

In other words, the inventive nitride semiconductor 
LED includes a siabstrate 301; a GaN-based buffer layer 
302 formed on the substrate 301; a first electrode layer 
of an n*-GaN layer 307 formed on the GaN-based buffer 
layer 302 and containing a high concentration of dopants; 
an n-GaU layer 308 formed on the first electrode layer 
and containing a low concentration of dopants; an active 
layer 320 formed on the n-GaN layer 308; and a second 
electrode layer of a p-GaN layer 313 formed on the active 
layer 320. 

Here, on the substrate 301 is provided the GaN- 
based buffer layer 302 having the triple -structured 
AlyIn^ai.x,yN/In^ax.«N/GaN (Here, O^x^l, O^y^D, the 
double -structured InxGai-^N/GaN (Here, O^x^l) or the 
super-lattice- structured (SLS) InxGai-xN/GaN (Here, 
O^x^l). Additionally, on the GaN-based buffer layer 302 
is formed an undoped GaN layer or an indium-doped GaN 
layer 303. 

Further, on the londoped GaN layer or the indium- 
doped GaN layer 303 are formed AlyGai-yN/GaN SPS layers 
304 and 306 in a sandwich structure of upper and lower 
parts having the indium-doped GaN layer 305 interposed 
therebetween . 
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On the upper AlyGai-yN/GaN SPS layer 306 is formed 
the n^-GaN layer 307 as the first electrode layer. Here, 
the first electrode layer of the n*-GaN layer 307 has the 
carrier concentration of over IxlO^'/cnf and has silicon 
5 used as the dopant. 

Additionally, the nitride semiconductor LED 
includes, as the light emitting layer, the active layer 
320 of InxGai-xN/GaN. Here, the active layer 320 can be 
foarmed to have the multi -quantum well structure having an 
.0 InjcGai-xN well layer 309, an InxGai-xN/GaN barrier layer 
310, an InxGai-xN well layer 311 and an InxGai-xN/GaN 
barrier layer 312, 

On the other hand, in a fabrication method of the 
nitride semiconductor LED according to the present 
L5 invention, when the undoped GaN layer and the indium- 
doped GaN layer 305 and 306, arid the first electrode 
layer of the n^'-GaN layer 3 07 are grown-up, besides a 
high purity degree of NH3 and H2 carrier gases, a N2 gas 
is mixed and used as the carrier gas. In the above- 
20 processed case, a thickness regularity doped and grown-up 
is improved. Additionally, from analysis of a forward and 
reverse electrical characteristic, an operation voltage 
and a reverse breakdown voltage can be obtained having a 
very regular dispersion distribution in a wafer. 

25 

Industrial Applicability 

As described above, the inventive semiconductor LED 
and its fabrication method can reduce the crystal defect 
caused by the difference of the thermal expansion 
30 coefficient and the lattice constant in the substrate and 
the GaN-based single crystalline layer grown-up on the 
siabstrate, and can improve the GaN-based single 
crystalline layer in its crystallinity . Accordingly, the 
present invention has an advantage in which the nitride 
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semiconductor LED can be improved in its performance and 
assured in its reliability. 
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Claims 

1. A nitride semiconductor LED, comprising: 
a substrate; 

a GaN-based buffer layer formed on the sxabstrate; 

AlyGai-yN/GaN short period superlattice (SPS) layers 
formed on the GaN-based buffer layer in a sandwich 
structure of upper and lower layers having an undoped GaN 
layer or an indium-doped GaN layer interposed 
therebetween (where , 0 ^ y^ 1 ) ; 

a first electrode layer of an n-6aN layer formed on 
the upper AlyGai-yN/GaN SPS layer; 

an active layer formed on the first electrode 

layer; and 

a second electrode layer of a p-GaN layer formed on 
the active layer. 

2 . The nitride semiconductor LED of claim 1 / 
wherein the GaN-based buffer layer has a triple- 
structured Alyln^Gai-x/ yN/InxGai-xN/GaN laminated (Here , 
O^x^l, o^y^l), a doxible- structured InxGai-xN/GaN 
laminated (Here, 0<x<l), or a super- lattice -structured 
(SLS) InxGai-xN/GaN laminated (Here, 0:^x^1). 

3. The nitride semiconductor LED of claim 1, 
further corrprising the undoped GaN layer or the indium- 
doped GaN layer on the GaN-based buffer layer, 

4. A nitride semiconductor LED, comprising: 
a substrate; 

a GaN-based buffer layer formed on the substrate; 
an undoped GaN layer or an indium- doped GaN layer 
formed on the GaN-based buffer layer; 

AlyGai-yN/GaN short period superlattice (SPS) layers 
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formed on the undoped GaN layer or the indium- doped GaN 
layer, in a sandwich structure of upper and lower layers 
having the undoped GaN layer or the indium-doped GaN 
layer interposed therebetween (Here/ O^y^l); 

a first electrode layer of an n*-GaN layer formed 
on the upper AlyGai-yN/GaN SPS layer and containing a high 
concentration of dopants; 

an n-GaN layer formed on the first electrode layer 
and containing a low concentration of dopants; 

an active layer formed on the n-GaN layer; and 

a second electrode layer of a p-GaN layer formed on 
the active layer. 

5 . The nitride semiconductor LED of claim 4 , 
wherein the GaN-based buffer layer has a triple- 
structured AlylnxGai-x/ yN/lnxGai-xN/GaN laminated (Here , 
0<x^l, o<y<l) , a double- structured InxGai-xN/GaN 
laminated (Here, O^x^l), or a super- lattice- structured 
(SLS) InxGai-xN/GaN laminated (Here, 0^x:^l). 

6. A nitride semiconductor LED, comprising: 
a substrate; 

a GaN-based buffer layer formed on the substrate; 

a first electrode layer of an n*-GaN layer formed 
on the GaN-based buffer layer and containing a high 
concentration of dopants; 

an n-GaN layer formed on the first electrode layer 
and containing a low concentration of dopants; 

an active layer formed on the n-GaN layer; and 

a second electrode layer of a p-GaN layer formed on 
the active layer. 

7. The nitride semiconductor LED of claim 6, 
wherein the dopant concentration of the n'^-GaN layer is 
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more than IxlO^Vcnf. 

8. The nitride semiconductor LED of claim 6, 
wherein the dopant concentration of the n-GaN layer is 

5 less than lxlo"/cnf. 

9. The nitride semiconductor LED of claim 6, 
wherein the dopant concentration of the n-GaN layer is 
IxlO^'^/cnf . 

10 

10. The nitride semiconductor LED of claim 6, 
wherein the GaN-based buffer layer has a triple- 
structured AlylnxGai-x/yN/InxGai-xN/GaN laminated (Here, 
0<x^l, 0<y<l), a double- structured InxGai-xN/GaN 

15 laminated (Here, O^x^l), or a super- lattice- structured 
(SLS) InxGai-xN/GaN laminated (Here, 0^x<l). 

11. The nitride semiconductor LED of claim 6, 
further comprising AlyGai-yN/GaN short period superlattice 

2 0 (SPS) layers formed on the GaN-based buffer layer in a 
sandwich structure of upper and lower parts having an 
undoped GaN layer or an indium-doped GaN layer interposed 
therebetween (Here, O^y^l). 

25 12. A fabrication method of a nitride 

semiconductor LED, the method comprising the steps of: 

growing-up a GaN-based buffer layer on a substrate; 
forming AlyGai-yN/GaN short period superlattice 

(SPS) layers on the GaN-based buffer layer in a sandwich 
30 structure of upper and lower parts having an undoped GaN 

layer or an indium-doped GaN layer interposed 

therebetween (Here, O^y^ De- 
forming a first electrode layer of an n"^-GaN layer 

containing a high concentration of dopants, on the upper 
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AlyGai-yN/GaN SPS layer; 

forming an active layer on the first electrode 

layer; and 

forming a second electrode layer of an p-GaN layer 
5 on the active layer. 

13. The fabrication method of claim 12, further 
comprising the step of forming an n-GaN layer containing 
a low concentration of dopants, between the first 

10 electrode layer of the n*-GaN layer and the active layer. 

14. The fabrication method of claim 12, wherein 
the GaN-based buffer layer is, using a MOCVD equipment, 
grown-up to have a 50-800 A thickness at a 500-800°C 

15 temperature and in an atmosphere having Ha and Na carrier 
gases supplied while having TMGa, TMIn, TMAl source gas 
introduced and simultaneously having NH3 gas introduced. 

15. The fabrication method of claim 12, wherein 
20 the GaN-based buffer layer is grown-up with a 5- 

300Umol/min flow rate of the TMGa, TMIn, TMAl source gas 
and a 100-700torr growth pressure. 



25 



30 



16. The fabrication method of claim 12, wherein 
the GaN-based buffer layer has a triple-structured 
AlyInxGai.x,yN/In^ai-Jsr/GaN laminated (Here, O^x^l, 
O^y^l), a do\ible- structured InxGai-xN/GaN laminated 
(Here, o^x^l), or a super-lattice-structured (SLS) 
InxGai-xJJ/GaN laminated (Here, O^x^l) . 

17, The fabrication method of claim 12, further 
comprising the step of forming an undoped GaN layer or an 
indium- doped GaN layer on the GaN-based buffer layer. 
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18. The fabrication method of claim 12, wherein 
the dopant concentration of the n*-GaN layer is more than 
lxlO^®/cnf . 

5 19. The fabrication method of claim 13, wherein 

the dopant concentration of the n-GaN layer is lxlO^''/cnf. 

20. The fabrication method of claim 13, wherein 
the n-GaN layer is formed with a semi -insulating layer. 

10 
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[ FIG. 2 ] 
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[ PIG. 3 ] 




307^ 



Alyln<GaHj/ln.GaHN/GaN 
or 

In^GanN/GaN 
or 

IrkGanN/GaN SLS 



p-GaN 
iiGanbarrier layer 



IniGanN well layer 



InxGaJ / GaN barrier layer 



kGaiJ well layer 



Seml-insulatlngGaNor n-GaN 



n--GaN 



AIGaN/GaN SPS 



Undoped GaN or In-doped GaN 



AIGaN/GaN SPS 



In-doped GaN or Undoped GaN 



GaN buffer layer 



Substrate 



.306 
'305 
-304 
-303 

.302 
.301 



3/3 



INTERNATION. 



Al^^VRCH REPORT 



r|tional explication No. 
7kR03/01668 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certmn claims under Article 1 7(2Xa) for the following reasons: 
I I Claims Nos.: 

— because they relate to subject matter not required to be searched by this AuthoriQr, namely : 



I [ Claims Nos. 



because they relate to part of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



3. I I Claims Nos.: _ _ , , . 

— because they are dependent clauns and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box n Observations where unity of mvcntlon is lacking (Continuation of item 2 of first sheet) 



This International Search Authority found multiple inventions in this international ^plication, as follows: 

I. Claims 1-5 and 1 1-20 directed to a intermediate layer between a buffer layer and an n-clad layer of GaN-based LED. 
n, Clauns 6-10 directed to an n-clad layer of GaN-based LED 



Q As all required addtional search fees were timely paid by the ^plicant. this international search report covers aU searchable 
claims. 



2. pn As all searchable clahns could be established wi&out effort justifying an additional fee, this Authority did not invite payment 

— of any addition fee. 

3,1 — I As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

— only those claims for which fees were paid, specifically claims Nos.: 



4. |~] No required additional search fees were timely paid by the applicant Consequently, this international search report is 
— restricted to the mvention fust mentioned m the clahns; it is covered by claims Nos.: 



Remark on Protest The additional search fees were accompanied by the applicants protest 

I I Ko protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



INTERN 




NAL SEARCH REPORT 



ational application No. 
(fKR03/01668 



CLASSIFICATION OF SUBJECT MATTER 
IPC7 HOIL 33/00 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
IPC 7 HOIL HOIS 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Korean patents and applications for inventions, since 1975 



Electronic data base consulted during the intertnational search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of tiie relevant passages 



Relevant to claim No. 



X 
A 



JP 9-153643 A2 (TOYODA GOSEI KK, TOYODA CHUG KENKYUSHO KK) 10 JUNE 1997 
see the paragraph [0010]-[0012], Figure 1 
see the whole documents 

JP 9-129925 A2 (TOYODA GOSEI KK, AKASAKI ISAMU, AMANO HIROSHI) 16 MAY1997 
see the paragraph [OOlOHOOll], Figure 1 

JP 2001-7397 A2{NICHIACHEM.IND. LTD) 12 JANUARY 2001 

see the whole documents 

JP 10-173220 A2 (ROHM CO. LTD) 26 JULY 1998 
see the whole documents 

JP 7-302929 A2 (SUMITOMO CHEM. CO. LTD) 14 NOVEMBER 1995 
see the whole documents 

JP 7- 254733 A2 (NICIHA CHEM. IND. LTD) 3 OCTOBER 1995 
see the Figure 3 



6-9 
1-5, 10-20 

1-20 

1 -20 

1-20 

1-20 

1-20 



I I Further documents are listed m the continuation of Box C. 



^ See patent family annex. 



•A" 

»L" 
"O" 

npn 



Spedal categories of cited documents: 

document defining the general state of the art which Is not considered 
to be of particular relevance 

earlier s|)pUcadon or patent but pid)lished on or after the international 
filing date 

document wUdi may throw doubts on priority claim(s) or which is 
cited to establish the publication date of citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 

means 

document published prior to tiie international filing date but later 
than tiie priority date claimed 



"T" later document published after the international filing date or priority 

date and not in conflict with the ^plication but cited to understand 

die principle or theory underiying the invention 
"X" document of particular rdevance; the dmmed invention cannot be 

considered novel or cannot be considered to involve an inventive 

step when the document is taken alone 
"Y" document of particular relevance; the claimed invention cannot be 

considered to hivolve an inventive step when the document is 

combined witii one or more otiier such documents^such combination 

being obvious to a person skilled in the art 

document member of tiie same patent family 



Date of the actual completion of the international search 
24 NOVEMBER 2003 (24. 1 1 .2003) 



Name and mailing address of the ISA/KR 

Korean Intellectual Property Office 
1 920 Dunsan-dong, Seo-gu, Daejeon 302-70 1, 
' Republic of Korea 

FacsiiitileNo. 82-42-472-7140 




Date of mailing of the international search report 
24 NOVEMBER 2003 (24. 1 1 .2003) 



Authorized officer 

KIM, Dong Yup 
Telephone No. 82-42-481-5749 




Form PCT/ISA/210 (second sheet) (July 1998) 



INT£RNATIO» 

Information on pal 


BEARCH REPORT 
!nt family members 


j^^Katfonal application No. 
1 Krr/KR03/01668 


Patent document 
ched in search report 


Publication 
date 


Patent family 
nicinDei\s^ 


Publication 

uBIc 


JP 9-153643 A2 


10.06.1997 


NONE 




JP 9-129925 A2 


16.05.1997 


NONE 




JP 2001-7397 A2 


12.01.2001 


JP 3412563 B2 


03 Ofi 2003 

vnj • \J\J • CM\/\J 


JP 10-173220 A2 


26.06.1998 


NONF 




JP 7-302929 A2 


14.11.1995 


NONE 




JP 7- 254733 A2 


03.10.1995 


JP 3180871 82 


25.06.2001 



Form PCTASA/210 (patent family annex) (July 1998) 



